It is a well-known fact that the presence of a massive perturber interacting with a population of minor bodies following very eccentric orbits can strongly affect the distribution of their nodal distances. The details of this process have been explored numerically and its outcome confirmed observationally in the case of Jupiter, where a bimodal distribution of nodal distances of comets has been found. Here, we show evidence for a possible bimodal distribution of the nodal distances of the extreme trans-Neptunian objects (ETNOs) in the form of a previously unnoticed correlation between nodal distance and orbital inclination. This proposed correlation is unlikely to be the result of observational bias as data for both large semimajor axis Centaurs and comets fit well into the pattern found for the ETNOs, and all these populations are subjected to similar background perturbations when moving well away from the influence of the giant planets. The correlation found is better understood if these objects tend to avoid a putative planet with semimajor axis in the range of 300-400 au.
INTRODUCTION
Beyond the orbit of Neptune, but moving in regions mostly unaffected by Galactic tides, lies a population of minor bodies following very stretched elliptical paths. These large semimajor axis (a > 150 au) and long perihelion distance (q > 30 au) objects -the extreme trans-Neptunian objects or ETNOs (Trujillo & Sheppard 2014 )-exhibit a number of unexpected orbital patterns that may be incompatible with the traditional eight-planets-only Solar system paradigm (see e.g. de la Fuente Marcos & de la Fuente Marcos 2014; Trujillo & Sheppard 2014; Batygin & Brown 2016a) .
Peculiar orbital alignments can be caused by unseen massive perturbers in the framework of the trans-Plutonian planets hypothesis that predicts that one (Trujillo & Sheppard 2014; Batygin & Brown 2016a; Brown & Batygin 2016; Malhotra, Volk & Wang 2016; Millholland & Laughlin 2017) or more (de la Fuente Marcos & de la Fuente Marcos 2014 yet-to-be-detected planetary bodies orbit the Sun well beyond Pluto. This interpretation has been received with scepticism by some members of the scientific community who argue that the currently available data are plagued with strong detection biases Shankman et al. 2017; Bannister et al. 2017) ; if observational biases are present, the data are inadequate to prove or disprove the presence of planets beyond Pluto. In stark contrast, a mostly negligible role of detection ⋆ E-mail: nbplanet@ucm.es biases is advocated by Trujillo & Sheppard (2014) , and by Batygin & Brown (2016a) and Brown & Batygin (2016) . Although such biases obviously exist as discussed by e.g. de la Fuente Marcos & de la Fuente Marcos (2014), they do not seem to work quite in the way one would had hoped; for example, most discoveries should have low orbital inclinations, but this is not what is observed.
In the Solar system, Jupiter is the largest known perturber and a great deal can be learned about its impact on the orbital evolution of minor bodies following very elongated paths by investigating particular examples. In this context, de la Fuente Marcos, de la Fuente Marcos & Aarseth (2015) have studied the case of its gravitational relationship with comet 96P/Machholz 1 as a relevant dynamical analogue to better understand the behaviour of the ETNOs within the framework of the trans-Plutonian planets hypothesis. Their N-body simulations show that Jupiter can send minor bodies into high-inclination or even retrograde orbits and also eject them from the Solar system. Similar outcomes have been found within the context of the Planet Nine hypothesis (Batygin & Brown 2016b ; de la Fuente Marcos, de la Fuente Marcos & Aarseth 2016).
However, Jupiter can affect the orbital architecture of the populations of minor bodies moving in highly eccentric paths in far more subtle ways. Rickman, Valsecchi & Froeschlé (2001) used numerical simulations to show that the values of the nodal distances of comets with a < 1 000 au should follow a bimodal distribution. Here, we investigate the existence of a possible bimodal distribution of the nodal distances of the ETNOs. This Letter is organized as follows. Section 2 reviews the case of Jupiter and the comets with a < 1 000 au. The case of the ETNOs is explored in Section 3. The analysis is further extended to large semimajor axis or extreme Centaurs and comets in Section 4. In Section 5, we study the statistical significance of our findings. Results are discussed in Section 6, and conclusions are summarized in Section 7.
2 JUPITER AND THE COMETS WITH a < 1 000 au Rickman et al. (2001) investigated numerically the delivery of comets from the Oort cloud to the inner Solar system. In their fig. 6 , they show that for comets captured in an orbit with a < 1 000 au, the distribution of nodal distances (for the node closest to Jupiter's orbit), r n , should be bimodal with a primary peak near the presentday value of the semimajor axis of Jupiter (5.2 au) and a secondary peak in the neighbourhood of the Earth. For a direct or prograde elliptical orbit, the distance from the Sun to the nodes can be written as
where e is the eccentricity, ω is the argument of perihelion and the '+' sign is for the ascending node (where the orbit passes from south to north, crossing the ecliptic) and the '−' sign is for the descending node -for a retrograde orbit (inclination, i > 90 • ) the signs are switched. Rickman et al. (2001) showed that the primary peak is associated with captures due to close encounters with Jupiter, while the secondary peak represents captures due to indirect perturbations because comets with short perihelion distances experience the largest perturbation as they speed up closer to the Sun. In addition, the strength of mean-motion resonances (in this case with Jupiter) is proportional to the eccentricity of the perturbed body (e.g. Nesvorný & Roig 2001) .
As of 2017 June 5, the number of comets with a < 1 000 au stands at 1 120 -here and in other sections, we use data provided by Jet Propulsion Laboratory's Solar System Dynamics Group Small-Body Database (JPL's SSDG SBDB, Giorgini 2011).
1 Fig. 1 , bottom panel, is equivalent to fig. 6 in Rickman et al. (2001) but for real comets. In the histograms, we adopt Poisson statistics (σ = √ n) to compute the error bars -applying the approximation given by Gehrels (1986) when n < 21, σ ∼ 1 + √ 0.75 + nand the bin width has been found using the Freedman-Diaconis rule (Freedman & Diaconis 1981) , i.e. 2 IQR n −1/3 , where IQR is the interquartile range and n is the number of data points.
Using observational data, we confirm that the distribution of nodal distances is indeed bimodal. Fig. 1 , top panel, is very similar to fig. 8 , left-hand panel, in Rickman & Froeschlé (1988) that shows the distribution of nodal distances for short-period comets of the Jupiter family and includes both ascending and descending nodes. We observe that nodes tend to avoid the neighbourhood of the 3:2 and/or the 2:1 mean-motion resonances with Jupiter, but it is unclear why is this happening. These results are statistically significant (> 8σ), if we consider the associated Poisson uncertainties, and they are unlikely to be affected by observational biases or completeness of the sample issues. Given this finding, it is not unreasonable to assume that massive perturbers, if present in the outer Solar system, should induce a similar behaviour on the populations of eccentric small bodies existing there. 
A BIMODAL DISTRIBUTION FOR THE ETNOS?
As of 2017 June 5, the number of trans-Neptunian objects with a > 150 au and q > 30 au stands at 22 (see Table 1 ). It is therefore not advisable to try to produce a histogram similar to those in Fig. 1 only for this population. The uncertainties for 2003 SS 422 and 2014 FE 72 are the largest by far, and the quality of their orbital solutions does not allow us to reach any robust conclusion on the location of their nodes. The remaining data appear to be reasonably good and show that ascending nodes tend to be systematically located at barycentric distances < 200 au, which was expected as most objects in Table 1 have values of the argument of perihelion close to 0 • . Surprisingly, the only examples of ETNOs with ascending nodes beyond 200 au correspond to the most uncertain orbits so their nominal locations may be incorrect (see Fig. 2 and Table 1 ). Fig. 2 shows the distance to the descending node as a function of the distance to the ascending node of the ETNOs computed using barycentric elements (see Table 1 ). The distances have been calculated (averages and standard deviations, see e.g. Wall & Jenkins 2012) using 2 500 instances of the set of parameters a, e and ω for each object and applying Equation (1). For example, new values of a for a given ETNO have been found using the expression a + σ a r i , where a is the nominal value of the semimajor axis from Table 1 , σ a is its associated standard deviation, also from Table 1, and r i is a (pseudo) random number with standard normal distribution. The Box-Muller method (Box & Muller 1958; Press et al. 2007 ) has been applied to generate the random numbers from a standard normal distribution with mean 0 and standard deviation 1. As 64 bits computers were used to complete the calculations, the smallest non-zero number is 2 −64 , and the Box-Muller method will not produce random variables more than 9.42 standard deviations from the mean. This fact should not have any adverse impact on our results, the standard deviations of the nodal distances in Table 1 are expected to be correct. Although it can be argued that the present orbital solutions of many ETNOs are too uncertain to use the data for this type of analysis, we believe that accounting for the role of the errors as we have done here greatly minimizes this issue.
In addition, Equation (1) shows that r n does not depend on the orbital inclination and, in absence of significant direct perturbations or resonances, one may assume that the values of nodal distances and inclinations must be uncorrelated. Fig. 3 shows the orbital inclination as a function of the nodal distances for the same sample. Nodal distances in the range (200, 250) au seem to be avoided and the few present have associated values of the inclination within a Table 1 . Orbital elements (heliocentric and barycentric) and nodal distances of the ETNOs with 1σ uncertainties. Data include the heliocentric and barycentric semimajor axis, a and a b , eccentricity, e and e b , inclination, i and i b , longitude of the ascending node, Ω and Ω b , argument of perihelion, ω and ω b , and their respective standard deviations, σ a , σ e , σ i , σ Ω and σ ω ; the computed heliocentric nodal distances, r + and r − , and their barycentric counterparts, r b+ and r b− , with their respective standard deviations (the '+' sign is for the ascending node and the '−' sign is for the descending node). The orbital solutions have been computed at epoch JD 2458000.5 that corresponds to 00:00:00.000 TDB on 2017 September 4, J2000.0 ecliptic and equinox. Source: JPL's SSDG SBDB. Figure 2 . Distance to the descending node as a function of the distance to the ascending node for the 22 known ETNOs. The nodal distances have been found using the barycentric elements and the error bars have been computed using the uncertainties in Table 1 (see the text for details).
rather narrow range; a paucity of nodes in the range (100, 150) au does not show any obvious correlation with i. Although based on small-number statistics, the trend resembles that of the comets with a < 1 000 au discussed in the previous section. If this correlation is real, it should also be observed among other populations that experience similar background perturbations during most of their orbital periods when moving well away from the influence of the giant planets. Such populations include the extreme Centaurs (a > 150 au but q < 30 au) and comets with a > 150 au and e < 1.
INCLUDING EXTREME CENTAURS AND COMETS
As of 2017 June 5, the number of extreme Centaurs stands at 24 although the orbits of three of them are rather poor (see Table 2 ); the number of comets with a > 150 au is 389. If we plot a figure analogue to Fig. 3 but including data for large semimajor axis Centaurs and comets with a > 150 au as well, we obtain Fig. 4 that shows that the extreme Centaurs follow the trend identified in the previous section. However, the distribution of the comets appears to be somewhat different as their overall inclinations are higher than those of ETNOs and extreme Centaurs; most comets have parameters outside the displayed range. This could be signalling a rather different dynamical origin for these comets when compared to ETNOs and extreme Centaurs. In Fig. 4 , we have used heliocentric elements to compute the nodal distances applying Equation (1) Figure 4 . Orbital inclination as a function of the nodal distances for ETNOs (red circles, empty is r − ), extreme Centaurs (green squares, empty is r − ) and comets (blue triangles, empty is r − ). Nodal distances and error bars have been computed using heliocentric elements and uncertainties from Table 1. perihelion as expected of objects with argument of perihelion preferentially close to 180
• (see Table 2 ); this is exactly opposite to the trend observed for the ETNOs. Many extreme Centaurs follow orbits nearly perpendicular to the ecliptic (see Table 2 , this is why they do not appear in Fig. 4) , which is one of the evolutionary tracks predicted by numerical simulations when a massive perturber is present (de la Fuente Marcos et al. 2015 Batygin & Brown 2016b; Brown & Batygin 2016) . Some extreme Centaurs may be former ETNOs. However, the orbital diffussion scenario recently backed by Bannister et al. (2017) may not be able to reproduce this evolutionary track.
STATISTICAL SIGNIFICANCE
In the previous two sections, we have pointed out an interesting trend that is followed by both ETNOs and extreme Centaurs, that nodal distances in the range (200, 250) au seem to be avoided and the few present have associated values of the inclination within a rather narrow range. This trend means that the distribution of the nodal distances of the ETNOs (and the extreme Centaurs) could be bimodal. This tentative conclusion is based on data for 41 objects (20 ETNOs and 21 extreme Centaurs) as those with the poorest orbital solutions have been excluded from the analysis. This proposed correlation is unlikely to be the result of observational bias as the objects have been discovered by independent surveys, particularly the extreme Centaurs. If, as in the case of Jupiter, a 3:2 mean motion resonance (now, with an unseen perturber) is being avoided by the nodes of the orbiting minor bodies, the value of the semimajor axis of the putative planet should be close to 300 au or nearly 360 au if the resonance to be avoided is 2:1 instead of 3:2. If this interpretation is correct, nodal distances in the range 200-300 au must be scarce for a combination of the three eccentric populations. Fig. 1 , bottom panel, but using data for ETNOs, extreme Centaurs and comets with a > 150 au; for a given object, only the node located farthest from the Sun has been counted. Although based on small-number statistics, the difference between the bin centred at 150 au and the one at 250 au is over 4σ; in addition, the excess of the bin centred at 350 au with respect to the one at 550 au is about 3.7σ -in both cases using the σ-value at the dip. In principle, this can be seen as an additional argument in support of our interpretation, if the dips are real. The second dip could be linked to a second perturber or perhaps both dips signal the nodes of a single perturber. Tables 1 and  2 , and comets with a > 150 au (IQR=244.5 au, n=118). The arrows point out the bins where the dips are located (see the text for details).
DISCUSSION
Although the features pointed out in the previous section (and the associated bimodality in nodal distances) seem to be real, it can be disputed whether any dips present in Fig. 5 are nearly entirely due to lack of completeness of the sample or mainly due to observational biases. We believe that observational biases may not play a significant role in this case in light of the analysis performed on the nodal distance versus inclination correlation, but more data are needed to find out a definite answer to that question.
As for the presence of a planet at 300-400 au, the scenario explored by de León, de la Fuente Marcos, & de la Fuente Marcos (2017) also places that range in semimajor axis within the region of interest where a perturber may have been able to disrupt the pair of ETNOs (474640) 2004 VN 112 -2013 , but only if its mass is in the range 10-20 M ⊕ . A closer perturber is also advocated by Holman & Payne (2016) . Kenyon & Bromley (2015 have shown that super-Earths may form at 125-750 au from the Sun.
CONCLUSIONS
In this Letter, we have documented a previously unnoticed correlation between the nodal distances and the inclinations of the ETNOs. Although the size of the sample is small (22 ETNOs), the trend is also observed in other, perhaps related populations. The use of a dynamical analogy with Jupiter leads us to perform a tentative interpretation of our findings. Our conclusions are as follows:
(i) The distribution of the nodal distances of observed comets with a < 1 000 au is bimodal. This is a confirmation of results obtained by Rickman et al. (2001) . (ii) We found strong evidence for a possible bimodal distribution of the nodal distances of the ETNOs in the form of a correlation between their nodal distances and inclinations. (iii) If the bimodal distribution in nodal distance observed in the case of Jupiter and those comets with a < 1 000 au is used as a dynamical analogue for the ETNOs, one trans-Plutonian planet with semimajor axis in the range 300-400 au may exist. This result is consistent with the available data on both large semimajor axis Centaurs and comets.
